A new Microsporidium sp. infects Rhizophagus gran� dis Gyllenhall, a beetle which preys on the bark beetle Den� droctonus micans Kugellan in Turkey. Mature spores are single, uninucleate, oval in shape (3.75 ± 0.27 µm in length by 2.47 ± 0.13 µm in width), with a subapically fixed polar filament. The polar filament is anisofilar, coiled in 7-8 normal and 3-4 reduced coils. Other characteristic features of the microsporidium are the four/five nuclear divisions to form 16/32 (commonly 16) spores, subpersistent sporophorous vesicles (pansporoblasts) remaining till formation of the endospore, and the vesicles dissolved with free mature spores. The polaroplast is divided into three zones: an amorphous zone, dense layers, and a lamellartubular area extending to the central part of the spore.
The beetle Rhizophagus grandis Gyllenhall is an important predator of the bark beetle Dendroctonus micans in Turkey and is therefore reared and used in its biological control. Bark beetles are a serious pest of spruce in Europe and Asia , Yaman 2008 . In Europe, the damage caused by D. mi� cans varies depending on region; the beetle plays an important role in destruction of pine forests in the Black Sea area and the Caucasus. It causes serious economic losses in Turkey, where it has been detrimental in an area of more than 250,000 ha. About 10 million spruce trees have been destroyed over the last 31 years in Turkey (see in Yüksel 1997) . The predatory beetle R. grandis causes a significant decrease in the natural populations of pine beetles in Europe (Bevan and King 1983) ; no other potentially useful natural enemy of D. micans has been reported from Eurasia to date. This specific predator of pine beetles is considered to be a very effective bio-control agent, as it has a very high foraging proficiency and fecundity (Grégoire et al. 1985) . In Turkey, the voracious attacks of R. grandis make them very efficient, which has led to the establishment of laboratories for their production and release. Since an infection of reared R. grandis by pathogens is an undesirable situation, we studied the health of the beetles in these laboratories. Recently, Yaman and Radek (2007) have recorded in these laboratories the alga Helicosporidium sp., the first pathogen known to be common to D. micans and R. grandis. The present study adds another pathogen of R. grandis, a microsporidium that had not been previously encountered in this beetle or in any member of the Rhizophagidae.
Dead specimens of R. grandis originated from five predatory beetle-rearing laboratories in Artvin, Ordu and Trabzon (all in Turkey). To find infected individuals, beetles were dissected in Ringer's solution and wet smears were examined under a light microscope at magnifications of ×400-1000. Microsporidian spores were measured, stained with Giemsa solution (after prefixation with methanol) and photographed using an Olympus BX51 microscope equipped with a DP-25 digital camera and DP2-BSW Soft Imaging System. The ultrastructure of the patho-
The ultrastructure of the pathogen was studied by transmission electron microscopy (TEM) using previously reported techniques (Yaman and Radek 2005) .
Microsporidian infections were found in adult R. gran� dis from two laboratories in Trabzon and Artvin. Fresh spores (Fig. 1) were oval, with only a minimum diversity in shape: 3.75 ± 0.27 (2.91-4.24) µm long by 2.47 ± 0.13 (2.25-2.90) µm wide (n = 50). Giemsa-stained spores were 3.67 ± 0.26 (3.17-4.16) µm long by 2.40 ± 0.21 (2.0-2.79) µm wide (n = 50). Most Giemsa-stained spores (Fig. 2) had a dark metachromatic granule in the posterior pole, the stained remains of the Golgi apparatus. Vegetative stages were absent in the examined material. Scarce morula-like stages containing oval sporoblasts were non-persistent sporophorous vesicles ( Fig. 1, sv) .
The spores in TEM preparations have a more slender, long oval shape. The spore wall is 200 to 280 nm thick, consisting of an electron-dense, wavy exospore (60-80 nm) (Figs. 4, 5, 7; ex) and a thicker, electron-lucent, smooth endospore (200-210 nm; en). The fixation point of the polar filament is located subapically. At the fixation point, the endospore is attenuated, measuring only 80 nm in thickness (Figs. 4, 6; arrow) . The spore content is enclosed by a plasmalemma ( Fig. 6 ; pl). The anchoring disc (a) is a bulky bowl with a thickened, vacuolated border and is enclosed by a thin membrane. The polaroplast (Fig. 5, p2, p3; Fig. 6, p; Fig. 7, p1, p2, p3 ) is composed of three parts. The top layer (p1) is a confluent lobate mass, the central part (p2) is a series of 8-10 dense lamellae, and the posterior lamellar-tubular part (p3) consists of broader loops and layers protruding towards the central part of the spore. The polar filament is fixed with a bulb in its basal, manubrial part (Figs. 4, 7; fb) in the anchoring disc (a) and proceeds as a straight part (diameter 150-160 nm) to the posterior half of the spore, where it is coiled with a steep angle of tilt in 11/12 anisofilar coils (Figs. 4, 5) . The first seven windings are perfectly formed, with 20-23 electron-lucent cross-sections of fibrils which are included in the wall of the polar filament. This part of the filament is 150-160 nm in diameter. The last three or four windings are only 60-80 nm in diameter and do not show a ring of fibrils; only the amorphous surface layers of the polar tube are visible. In grazing sections of the polar filament, the electron-lucent fibrils are seen to be composed of a thread of spherical beads winding in loose turns ( Fig.3; fi) along the filament. At the apical end the fibrils pass into a compact double-layer bulb (Figs. 4, 7; fb) . In young spores, the polar filament is produced in vacuoles lined by the polar sac; later the polar sac remains attached to the coiled filament ( Fig. 8; ps) .
The spherical nucleus lies in the centre of the spore, slightly closer to the posterior end ( Figs. 3-5 ; n). In the posterior area of the spore is the round mass of the Golgi apparatus (G) which in Giemsa-stained smears can be seen as the metachromatic granule ( Fig. 2; arrow) (Fig. 5; G) . It is connected to regular lamellae enclosing the end of the polar filament.
Mature spores are interconnected by bridges of granular secretion ( Fig. 5; sg) . These are dried remains of a thin granulation filling the parasitophorous vacuole with spores.
Unfortunately, the study of only dead hosts limited our investigations in that only resistant parasite stages (spores and some of the sporoblasts) were well preserved; vegetative stages were not. Therefore, the merogonial part of the microsporidium life cycle could not be studied. Also, the infected tissues could not be exactly identified as they were already partially decayed at the time of study. However, the intact details of the internal structures of sporoblasts and mature spores demonstrated on ultrathin sections showed that these stages were viable. There is no evidence that all spores were produced in multisporal sporophorous vesicles (pansporoblasts), since many mature spores were found as single cells.
To date, there has been no record of a microsporidian infection in beetles of the genus Rhizophagus, and the only other known pathogen of R. grandis is the Helicosporidium sp. alga reported by Yaman and Radek (2007) . The latter pathogen was found to also infect Dendroctonus micans, the specific prey of R. grandis Radek 2005, Yaman 2008) . These authors suggested that infection of these two species of beetles may be mutual. The mode of transmission of Helicosporidium sp. differs in details from the transmission of microsporidia, and this is eventually why this new microsporidian pathogen has not been recorded from the local D. micans. There are, however, reports of pathogens from other Dendroctonus species (Table 1) . Knell and Allen (1978) described the microsporidian Unikaryon minutum from Dendroctonus frontalis in the USA. This microsporidian was later included in the genus Canningia Weiser, Wegensteiner et Žižka, 1995 Žižka, . Weiser (1970 found three pathogens in Dendroctonus pseudotsugae in British Columbia, two microsporidia (Chytridiopsis typographi and Nosema dendroctoni) and one neogregarine (Ophryocystis dendroctoni).
The characteristic features of our microsporidium are four/ five nuclear divisions to form 16/32 (commonly 16) spores, subpersistent sporophorous vesicles (pansporoblasts) remaining till formation of the endospore, and the vesicles dissolved with free mature spores. Additionally, the polaroplast consists of three parts; an amorphous part close to the apical end, a series of dense layers in the central part, and an area of tubular structures forming broad layers in the posterior part, deep in the centre of the spore. Oval, more or less persistent sporophorous vesicles with 16 oval spores are distinctive for the genus Du� boscqia Pérez, 1908 (Sprague et al. 1992 , Larsson 1999 . Du� boscqia species produce rarely 8, usually 16 uninucleate sporoblasts within an envelope. Similar stage was observed in our
Figs. 1-3. Spores and stages of spore formation of Microsporidium sp. from Rhizophagus grandis in light (Figs. 1, 2 ) and transmission electron microscopy (TEM) (Fig. 3) . Fig. 1 . Water-mount of spores showing a minor variability in their size and shape. Free young spores and sporoblasts, sporophorous vesicle (sv). Fig. 2 . Giemsa-stained smear with spores showing one dark, round, metachromatic granule (arrows). Fig. 3 . Interior of mature spore with posterior part of polaroplast (p3), nucleus (n) bordered by two membranes (nm) and Golgi apparatus (G). In sections of the polar filament, electron-lucent fibrils (fi) are seen winding around the tube. The filament is enclosed in the polar sac (ps); ribosomes (r) fill the remaining space. Scale bars: Figs. 1, 2 = 10 µm; Fig. 3 = 1 µm. microsporidium. Unfortunately the ultrastructure of Duboscqia is unknown; therefore it is not possible to compare ultrastructural characters. The presporulation stages of Duboscqia are uninucleate and diplokaryotic, and the envelopment probably involves diplokaryotic cells (Becnel and Andreadis 1999) . In contrast, we observed only uninucleate stages.
Comparison of the distinctive characteristics of our microsporidium with those of the species described in the current . The smooth electron-lucent endospore (en) is attenuated at the fixing point of the anchoring disc (a). The end bulb (fb) of the polar filament is fixed in the depression of the disc. Fig. 5 . Five cross-sections of the thick (f1) and four cross-sections of the attenuated (f2) part of the polar filament. Posterior part of polaroplast (p3) extending to the centre of the spore. Single nucleus (n) and coil of Golgi membranes (G) in posterior part of the spore. Exospore (ex) and endospore (en) of constant thickness. Secretion granules and spherules (sg) form bridges between spores. Fig. 6 . Apical part of spore with fixation of polar filament (arrow). Plasmalemma (pl) borders spore content. Manubrial part (ma) of the polar filament fixed in the depression of the anchoring disc (a). Polaroplast (p). Fig. 7 . Apical part of spore with details of anchoring disc (a), fixation bulb (fb), and polaroplast with amorphous part (p1), dense lamellae (p2) and lamellar-tubular part (p3). Fig. 8 . Posterior end of mature spore with cross-sections of the polar filament (f1, f2) with electron-lucent fibrils, enclosed in the persistent polar sac (ps). genera shows that our microsporidium is different. We consider our organism, tentatively classified in the collective group Mi� crosporidium, to be a distinct, undescribed species that might even deserve erection of a new genus. Further studies, however, are needed to finally resolve the taxonomic status of the new microsporidian.
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